In this paper we describe a detailed investigation of the reconstitution of nucleosome cores from poly (dA-dT) and the octamer of histones.
INTRODUCTION
It is now well established that the basic repeating unit in the chromatin fibre, the nucleosome, consists of an octamer of histones (H2A)2(H2B)2(H3)2 ("4)2, around which are wrapped approximately 200 base pairs of DNA (see reviews by Kornberg (1) and Thomas (2) ). A fifth histone, HI is also associated with the nucleosome.
When the chromatin fibre is digested with micrococcal nuclease it yields as a stable limit a nucleosome "core" particle which contains approximately 140 base pairs of DNA 01)•
In order to gain some understanding into the architecture of chromatin, several laboratories have Investigated the reconstitution of chromatin using randon DNA and the purified histones H2A, H2B, H3 and H4 (4) (5) (6) (7) (8) . Generally, the reconstitution by decreasing salt yields a chromatin fibre with a repeat of approximately 140 base pairs of DNA (4, 6) . Only the reconstitution by DNAase I has been widely used in studies of the internal organisation of DNA in the nucleosome. DNAase I digestion of random DNA reconstituted nucleosones has been studied (6) and to the first approximation the fragment pattern is the same, as for the native nucleosome core.
We were particularly interested in answering two questions: (1) was it possible to reconstitute nucleosome cores from either of the copolymers poly dA-poly dT, poly dG-poly dC, poly (dA-dT) and poly (dG-dC) and how sinilar would the characteristics of such a core particle be compared to the ones of the native random DNA nucleosoae core? (2) If nucleosome cores containing a homopolymer could be produced, could one then obtain crystals? The hope would be that, becuase of the homogeneity of the DNA, the crystals would be more highly ordered than the ones so far obtained with the native random DNA nucleosome core (10, 11) .
MATERIALS AND METHODS

Copolyaera.
The copolymers poly dA'poly dT, poly dG-poly dC, poly (dA-dT) and poly (dG-dC) were purchased from BCL The Boehringer Corporation.
They were all dissolved in 0.1 M NaCl, 10 mM Tris-HCl pH 7.0 at + 4°C.
Preparation of the octamer of histones. The octamer of histone was prepared from chicken erythrocytes following the procedure of Thomas and Butler (14) or by the following method: long chromatin was passed through a Sepharose 4B column equilibrated in 0.63 H NaCl, potassium cecodylate pH 6.0 0.25 mli PhMeS0,F, 0.2 mM EDTA to remove HI and H5 (3). The HI, H5-stripped chronatln was concentrated at least 10 times and made 2 M NaCl and 50 mM potassium phosphate pH 7.0. The sample was then passed through a hydroxylapatite column equilibrated in 2 H NaCl, 30 nM potassium phosphate pH 7.0 0.25 all PhHeSO-F. In 2 M NaCl the DNA is dissociated from the octamer of o histone and binds to the hydroxylapatite.
The histones elute off in the exclusion volume as a single peak. The yields are at least 80% of the histone content of stripped chromatin. The peak was analysed by SDS gel electrophoresis (15) and found to contain only the four small histones H2A, H2B, H3
and H4 in equimolar amounts (Figure 3 ).
Reconstltution. The octamer of histones was associated to the four copolymers at histone:DNA ratios of 0.6 -1. From the gel in Figure 1 it can also be seen that in 50 mM NaCl the structure of the chromatin fibre is more compact resulting in the persistence of multimer bands and a greater extent of overdigestion. The internal cuts In the nucleosome core particle seem to be dependent on how closely the cores are packed.
RESULTS
Reconstltution
When reconstitution experiments were carried out at lower ratios of histone:DNA, 0.6 -0.8 mg:l mg, less overdigestion was produced and no greater multimer than dimers or trimers were observed (data not shown). If the weight of histones:DNA was increased to over 1.1 mg:l rag the reconstitute became Insoluble.
Production and crystallisation of the poly (dA-dT) nucleosome core.
Careful tining of the micrococcal nuclease digestion of the poly (dA-dT) reconstituted long chromatin enabled us to produce a nucleosome core containing a clean 140 base pair band. This core particle was fractionated from residual dimers and trimers on sucrose gradients (16) . The poly (dA-dT) nucleosome core contains a slightly higher proportion of DNA smaller than 140 base pairs than the native random DNA nucleosome core (beef kidney). Both the native 140 base pairs core particle and the poly (dA-dT) core were analysed by high resolution gel electrophoresis which suppresses the effect of sequence on mobility (13) . Figure 2 shows that the average length of poly (dA-dT) from the reconstituted core is the same as that of the native random DNA nucleosome core recently accurately sized to contain 146 base pairs of DNA (13) . The densitometer tracing of the gel shows that the width of the size distribution of core poly (dA-dT) is about half of that of random DNA from the native core.
The histones found in the isolated poly (dA-dT) nucleosome core are shown in Figure 3 . H2A, H2B, H3 and H4 are present in equimolar amounts.
The sedimentation coefficient for the reconstituted poly (dA-dT) core is 10.3 S (measured in 10 mM Tris-HCl pH 7.0), a value very close to that of the native core (11).
We have succeeded in obtaining small single crystals of the poly (dA-dT) nucleosome core, but so far they have been too small for analysis by X-ray diffraction. Figure 4 shows electron micrographs of two different crystal forms.
In Figure 4a the nucleosome cores are packing in straight columns of about 110 X in diameter whilst in Figure 4b the cores forn wavy columns which are also 110 A apart. These two modes of packing are similar to those found in crystals of native nucleosome cores (10, 11) . In both electron micrographs, in some areas, spacings of about 60 A and 30 A can be seen, corresponding respectively to the height of the platysome and the bipartite division in the nucleosome structure (10, 11) .
Characterisation of the poly (dA-dT) nucleosome core with DNAase I. In order to gain some understanding of the organisation of the copolymer in the poly (dA-dT) nucleosome core, DNAase I digestions were carried out at 4° C
(3)
H I H5 H3 H2B H2A H4 Figure 2 : Densitoneter tracings of the electrophoretic separation of the DNA from reconstituted poly (dA-dT) nucleosome cores (narrow peak) and the DNA from native nucleosome cores from beef kidney (wide peak with high background), The DNA was separated in a high resolution gel electrophoresis, 6% acrylamide 1% bis-acrylamide, under denaturing conditions. The gel was stained with ethidium bromide. The crystals obtained from poly (dA-dT) nucleosome cores have so far been too small to be analysed by X-ray diffraction. Our hope is, that since the DNA in these nucleosome cores is much more homogeneous, large crystals will prove to be more highly ordered, thus enabling a more accurate solution of the three-dimensional structure of nucleosome cores (10, 11).
